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1
SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/873,800, filed Sep. 4, 2013, the entire
contents of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device.

BACKGROUND

An MRAM (Magnetic Random Access Memory) is a
memory device that uses a magnetic element having a mag-
netoresistive effect as a memory cell configured to store infor-
mation, and has received a great deal of attention as a next-
generation memory device featuring high-speed operation,
large capacity, and nonvolatility. In addition, research and
development is being conducted on MRAMs that replace a
volatile memory such as a DRAM or an SRAM. In this case,
the MRAMs are preferably operated by the same specifica-
tions as the DRAM or SRAM for development cost suppres-
sion and smooth replacement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a semiconductor memory
device according to the first embodiment;

FIG. 2 is ablock diagram showing an example of a memory
core and a peripheral circuit;

FIG. 3 is a circuit diagram of a memory cell array included
in one bank;

FIG. 4 is a timing chart concerning commands and
addresses;

FIG. 5 is a view showing an example of a read latency and
a write latency;

FIG. 6 is a view for explaining an example of the number of
shift registers for latency;

FIG. 7 is a circuit diagram of a delay circuit for latency;

FIG. 8 is a view for explaining shift registers for case B’s
latency;

FIG. 9 is a view for explaining the latency gap between a
case A and the case B;

FIG. 10 is a view for explaining the concept of the first
embodiment;

FIG. 11 is a timing chart showing a read-to-write operation
according to a comparative example;

FIG. 12 is a timing chart showing a write-to-read operation
according to the comparative example;

FIG. 13 is a timing chart showing a read-to-write operation
according to an example;

FIG. 14 is a timing chart showing a write-to-read operation
according to an example;

FIG. 15 is a view showing R2W and W2R in a plurality of
modes;

FIG. 16 is a view for explaining parameters;

FIG. 17 is a view for explaining the minimum and maxi-
mum delay times of a signal WIRDB;

FIG. 18 is a view for explaining the delay time of the signal
WTRDB;

FIG. 19 is a block diagram showing an example of a circuit
arrangement including gap shift registers;

FIG. 20 is a circuit diagram of a clock generator;
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FIG. 21 is a circuit diagram of a gap delay circuit shown in
FIG. 19;

FIG. 22 is a view for explaining ICA assignment for a
row-related signal;

FIG. 23 is a view for explaining ICA assignment for a
column-related signal;

FIG. 24 is a view for explaining the sequence of an opera-
tion according to an example;

FIG. 25 is a schematic view for explaining the layout of
shift registers SR according to a comparative example;

FIG. 26 is a schematic view for explaining the layout of
shift registers SR according to an example;

FIG. 27 is a view for explaining command/address assign-
ment concerning an active command according to the second
embodiment;

FIG. 28 is a view for explaining command/address assign-
ment concerning a read/write command;

FIG. 29 is a block diagram showing the arrangement of
shift registers according to a comparative example;

FIG. 30 is a block diagram showing the arrangement of
shift registers according to an example;

FIG. 31 is a circuit diagram of a delay circuit according to
the third embodiment; and

FIG. 32 is a view for explaining latencies according to the
fourth embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, there is provided
a semiconductor memory device capable of executing a first
mode having a first latency and a second mode having a
second latency longer than the first latency, comprising:

apad unit configured to receive an address and a command
from an outside;

a first delay circuit configured to delay the address by a
time corresponding to the first latency;

a second delay circuit including shift registers connected in
series and configured to delay the address by a time corre-
sponding to a difference between the first latency and the
second latency; and

a controller configured to use the first delay circuit and the
second delay circuit when executing the second mode.

Embodiments of the present invention will now be
described with reference to the accompanying drawings.
Note that in the following explanation, the same reference
numerals denote elements having the same functions and
arrangements, and a repetitive explanation will be made only
when necessary.

Inthis embodiment, an MRAM (Magnetic Random Access
Memory) will be exemplified as a semiconductor memory
device.

First Embodiment

1. Overall Arrangement of Semiconductor Memory
Device

FIG. 1 is a schematic view of a semiconductor memory
device 10 according to this embodiment. The semiconductor
memory device 10 includes a memory core 11, a peripheral
circuit 12, and an interface 13.

The memory core 11 includes a plurality of memory cells
configured to store data. The peripheral circuit 12 writes/
reads data to/from the memory core 11.

The interface 13 includes a pad unit 14 configured to
receive commands, addresses, data, and the like. The pad unit
14 includes a plurality of pads. The interface 13 receives a
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control signal CNT for read/write and a clock CK that con-
trols the read/write operation timing from an external device
(host) via the pad unit 14. The interface 13 is connected to the
host via the pad unit 14 by a command/address line CA<n:0>
and a data line DQ<m:0>, where n and m are natural numbers.

The control signal CNT includes a clock enable signal
CKE and a chip select signal CS. The clock CK is used to
control the operation timing of the semiconductor memory
device 10. The command/address line CA<n:0> is used to
transmit/receive commands and addresses. The data line
DQ<m:0> is used to transmit/receive input data and output
data.

FIG. 2 is a block diagram showing an example of the
memory core 11 and the peripheral circuit 12. The memory
core 11 includes a memory cell array unit 21, a row decoder
22, and a column decoder 23. The memory cell array unit 21
includes (k+1) banks BKO to BKk, where k is a natural
number. The banks BKO to BKk can independently be acti-
vated. For example, when only a necessary bank is activated
at the time of read/write, the power consumption can be
reduced.

The row decoder 22 decodes, for example, a bank address
BA<x:0>that selects one of the banks BKO to BKk and a row
address AR<y:0> that selects a row in the selected bank.

The column decoder 23 decodes, for example, a column
address AC<z:0> that selects a column in the memory cell
array unit 21.

The peripheral circuit 12 includes a command/address
latch circuit 24, a control circuit (controller) 25, an address
latch circuit 26, a data latch circuit 27, and a clock generator
28.

The command/address latch circuit 24 receives a command
CMD and an address ADD from a host 15 via the command/
address line CA<n:0>, and temporarily stores them. The
command CMD is sent to the control circuit 25. The control
circuit 25 controls the internal operation of the semiconductor
memory device 10 based on the control signal CNT and the
command CMD from the host 15.

Out of the address ADD, the bank address BA<x:0>is sent
to the row decoder 22, the row address AR<y:0>is sent to the
address latch circuit 26, and the column address AC<z:0> is
sent to the column decoder 23.

In this embodiment, when a first command (for example,
active command) is input, the address latch circuit 26 latches
part of the full row address, as will be described later. The
remaining part of the full row address is latched by the
address latch circuit 26 in advance when a first command (for
example, precharge command) input before the first com-
mand is input.

As described above, part of the row address is input in
advance before input of the first command. This makes it
possible to, for example, incorporate the semiconductor
memory device in a system without increasing the number of
pins or lowering the operation speed, that is, without chang-
ing the specifications even when the number of bits of the row
address to select a word line (row) in the memory cell array
unit 21 increases.

Note that the precharge command is a command to set a
selected bank in an initial state (precharged state) for a read
operation or a write operation, and more specifically, inacti-
vates all word lines, all bit lines, and all source lines. The
active command is a command to activate one of the plurality
of word lines in a selected bank and perform processing of
reading data from the memory cell array.
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The data latch circuit 27 temporarily stores data input from
the host 15 via the data line DQ<m:0> or output data read
from a selected bank. The input data is written to the selected
bank.

The clock generator 28 generates an internal clock CLK
based on the clock CK from the host 15. The internal clock
CLK is input to the command/address latch circuit 24, the
control circuit 25, the address latch circuit 26, and the data
latch circuit 27 and used to control their operation timings.

FIG. 3 is a circuit diagram of the memory cell array
included in one bank. The memory cell array is formed by
arraying a plurality of memory cells MC in a matrix. A plu-
rality of word lines WL.0 to WLi-1, a plurality of bit lines BLO
to BLj-1, and a plurality of source lines SL.O to SLj-1 are
disposed in the memory cell array. One row of the memory
cell array is connected to one word line WL. One column of
the memory cell array is connected to each pair ofa bit line BLL
and a source line SL.

The memory cell MC includes a magnetoresistive element
(MTIJ (Magnetic Tunnel Junction) element) 30 and a select
transistor 31. The select transistor 31 is formed from, for
example, an n-MOSFET.

One terminal of the MTJ element 30 is connected to the bit
line BL, and the other terminal is connected to the drain of the
select transistor 31. The gate of the select transistor 31 is
connected to the word line WL, and the source is connected to
the source line SL.

2. Read/Write Latency

FIG. 4 is a timing chart concerning commands and
addresses. FIG. 4 illustrates the timing charts of general semi-
conductor memory devices (for example, DRAM, MRAM
(case A), and MRAM (case B)). PCG represents a precharge
command; ACT, an active command; R/W, a read/write com-
mand; tRCD (RAS to CAS delay), a delay time from active
command reception to read/write command reception; RAS,
a row address strobe; CAS, a column address strobe; and
RL/WL, a read/write latency. The read latency is a time nec-
essary for read data to appear in the local interface after the
start of a read request. The write latency is a time necessary
for write data to appear in the local interface after the start of
a write request. iR/iW indicates the read/write operation (in-
ternal read/write operation) in the MRAM.

In the DRAM shown in FIG. 4, a row address R has, for
example, 17 bits (R<16:0>). The row address R<16:0> is
input together with the active command and set in the DRAM.

In the MRAM (case A) shown in FIG. 4, the row address R
has, for example, 18 bits (R<17:0>). The MRAM has a large
page size as compared to, for example, the DRAM. For this
reason, the row address is divided (for example, divided into
upper bits R<17:14> and lower bits R<13:0>) and input
twice. A precharge operation is designated by the rising edge
of the clock when the precharge command is input, and a
preactive operation is designated by the falling edge. That is,
the precharge command can set the precharge operation and
the preactive operation. In the preactive operation, the upper
row address R<17:14> is input and set in the MRAM. In
addition, an active operation is designated by the rising edge
and falling edge of the clock when the active command is
input. In the active operation, the lower row address R<13:0>
is input and set in the MRAM.

Inthe MRAM (case B) shownin FIG. 4, an active operation
is designated by the rising edge and falling edge of the clock
when the active command is input. In the active operation, the
lower row address R<13:0> is input and set in the MRAM. In
addition, a read/write operation is designated by the rising



US 9,171,600 B2

5

edge of the clock when the read/write command is input, and
a postactive operation is designated by the falling edge. That
is, the read/write command can set the read/write operation
and the postactive operation. In the postactive operation, the
upper row address R<17:14> is input and set in the MRAM.

FIG. 51s a view showing an example of the read latency and
the write latency. FIG. 5 shows latencies in a plurality of
modes (to be referred to as a mode MR2OP). The DRAM
complies with JEDEC. The unit of latency is one clock cycle
(1 tCK). The latency of the MRAM (case B) is obtained by
adding the internal tRCD of the MRAM (case B) to the
latency of the MRAM (case A).

FIG. 6 is a view for explaining an example of the number of
shift registers for latency. A case A’s read latency RL is, for
example, 3 tCK, and a write latency WL is, for example, 4
tCK. The case A needs, for example, two sets of a plurality of
shift registers for read latency and, for example, five sets of a
plurality of shift registers for write latency.

A case B’sread latency RL is, for example, 25 tCK, and the
write latency WL is, for example, 23 tCK. In the case B, shift
registers corresponding to the internal tRCD are added in
each of the read latency and the write latency. For this reason,
the case B needs a plurality of shift registers for internal tRCD
in addition to the same shift register sets as in the case A.

FIG. 7 is a circuit diagram of a delay circuit 40 for latency.
The delay circuit 40 includes an input terminal IN, a plurality
of shift registers configured to delay a signal by a predeter-
mined time, a multiplexer MUX, a buffer BF, and an output
terminal OUT. One shift register delays a signal by, for
example, one clock cycle (1 tCK). In the delay circuit 40, a
plurality of shift registers corresponding to the maximum
delay time are prepared. The multiplexer MUX selects a
predetermined number of shift registers to be used in corre-
spondence with the delay time of the signal line to which the
delay circuit 40 is connected.

FIG. 8 is a view for explaining shift registers for case B’s
latency. Note that FIG. 8 illustrates shift registers correspond-
ing to a further increase from the original shift registers (delay
circuit). Five sets of shift registers are prepared in a write
latency control unit WL,_CTRL. Two sets of shift registers are
prepared in a read latency control unit R[,_CTRL. Addition-
ally, for a plurality of column-related signals, a plurality of
sets of shift registers configured to delay a signal by a time
corresponding to the internal tRCD are prepared. As shown in
FIG. 8, the case B needs more shift registers in addition to the
original shift registers (delay circuit).

3. Example

FIG. 9 is a view for explaining the latency gap between the
case A and the case B. The latency gap between the case A and
the case B is obtained by subtracting the case B’s latency from
the case A’s latency. That is, the latency gap between the case
A and the case B corresponds to the internal tRCD for the case
B.

FIG.10is a view for explaining the concept of this embodi-
ment. Two paths ICA and GAP_ICA are prepared between
the command/address pad CA<9:0> and a case A’s read
latency delay circuit 42.

The delay circuit 40 for latency gap shown in FIG. 9 is
connected to the path GAP_ICA via the multiplexer MUX.
The two paths ICA and GAP_ICA are connected to the mul-
tiplexer MUX. A signal PREACT is input to the control
terminal of the multiplexer MUX. The signal PREACT=H
corresponds to the case A (preactive operation), and the signal
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PREACT=L corresponds to the case B (postactive operation).
In the example of FIG. 9, the maximum of one set of shift
registers is 19.

In the case A (PREACT=H), the delay circuit 40 is not
connected to the path GAP_ICA, and no latency gap is added
(the latency is set to the same as in the path ICA). In the case
B (PREACT=L), the delay circuit 40 is connected to the path
GAP_ICA, and the latency gap is added. Note that a write
latency delay circuit 43 also has the same arrangement as the
read latency delay circuit 42.

FIG. 11 is a timing chart showing a read-to-write operation
according to a comparative example. In the explanation of
commands in FIG. 11, A is the active command, R is the read
command, and W is the write command. tWR is a write
recovery time. In the comparative example, the read operation
and the write operation are separately performed.

R2W is the time from the read command to the write
command and is given by

R2W=RL+tDQSCK+BL/2+1

where RL is the read latency, BL is the burst length, and
tDQSCK is the DQS (data strobe) output access time from
CLK.

FIG. 12 is atiming chart showing a write-to-read operation
according to the comparative example. W2R is the time from
the write command to the read command and is given by

W2R=WL+1+BL2+tWIR/tCK

where WL is the write latency, tWTR is the internal write to
read command delay, and tCK is the clock cycle.

FIG. 13 is a timing chart showing a read-to-write operation
according to an example. In this example, the read operation
and the write operation can parallelly be performed. R2W is
given by

R2W=RL—{WL-(BL/2+1)-tDOSCKmax/iCK} o)

FIG. 14 is a timing chart showing a write-to-read operation
according to an example. W2R is given by

W2R=WL(@case A)+1+BL2+WIR/ICK )

The column-related signal is used in both the read opera-
tion and the write operation. In the comparative example,
since the read operation and the write operation are separately
performed, the read latency and the write latency are ORed.
On the other hand, when a long latency in which the read
latency and the write latency overlap is necessary, as in the
example, to commonly use latency gap control in read and
write, a signal WIRDB representing the state of read and
write is used to control the delay circuit 40 as well. In the write
state (write operation), the signal WTRDB is set to a high
level. In the read state (read operation), the signal WTRDB is
set to a low level.

FIG. 15 is a view for explaining R2W and W2R in a
plurality of modes. GAP_RL is a value obtained by subtract-
ing case A’s RL from case B’s RL. GAP_WL is a value
obtained by subtracting case A’s WL from case B’s WL. FIG.
16 is a view for explaining parameters tDQSCKmax/tCK and
tWTR when the clock cycle tCK is changed. For example,
BL=4, and tCK=1.875.R2W is calculated using equation (1),
and W2R is calculated using equation (2).

FIG. 17 is a view for explaining the minimum (min) and
maximum (max) delay times of the signal WIRDB. The
offset, min, and max are given by

OFFSET=W2R-(IGAP_WL|-IGAP_RLI)
min=|GAP__RL|-OFFSET+1

max=|GAP_RL|-1
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To obtain min, the distance from max is calculated to
decide min. The signal WTRDB is created based on a read
signal. For this reason, W2R is the same as in the write state
in the vertical direction. Since GAP_RL and GAP_WL are
different, the difference is subtracted from W2R. The offset
value is subtracted from GAP_RL serving as the reference. In
this case, the value is +1 because GAP_RL is also included.

To obtain max, when the read state is focused because the
signal WTRDB is created based on the read signal, it is found
that the latency of W2R matches the cycle of the signal
WTRDB. For this reason, max is IGAP_RLI|. However, the
valueis -1 in consideration of the transfer time of the internal
signal.

FIG. 18 is a view for explaining the delay time of the signal
WTRDB. In FIG. 18, the abscissa represents the command
interval, and the ordinate represents the latency gap (number
of shift registers). The delay time of the signal WTRDB from
the reference is set within the range between min and max in
FIG. 18. This makes it possible to commonly use the signal
WTRDB in the read operation and the write operation by
controlling the delay circuit 40 for the gap using the delayed
signal WTRDB even when the read latency and the write
latency overlap.

4. Example of Circuit Arrangement

A detailed example of a circuit arrangement will be
described next. FIG. 19 is a block diagram showing an
example of a circuit arrangement including gap shift regis-
ters. NC in FIG. 19 indicates no connection.

A latch circuit 50 latches a signal from a command/address
pad CA<3:0>. A latch circuit 51 latches a signal from a
command/address pad CA<4>. A latch circuit 52 latches the
chip select signal from a chip select pad CSB. A latch circuit
53 latches a signal from a command/address pad CA<9:5>.
The outputs from the latch circuits 50 to 53 are connected to
the inputs to gap delay circuits 54 to 57, respectively. Signals
ICARR, ICARF, and ICAFF are signals input from the cor-
responding pads. Only the timings at which the signals are
received by the latch circuits are different. A signal ICARRB
is the inverted signal of the signal ICARR.

A command decoder 58 decodes the write command and
the read command input from the latch circuit 50, and gener-
ates signals EWT and ERT. The command decoder 58 also
decodes the write command and the read command input
from the gap delay circuit 54, and generates signals
GAP_EWT and GAP_ERT. A signal generation circuit 59
receives the signals from the command decoder 58, and gen-
erates signals WCLK_EN, RCLK_EN, and FAST_WTRDB.
The signal FAST_WTRDB is generated using the signals
EWT and ERT. The signal WCLK_EN is generated using the
signal GAP_EWT. The signal RCLK_EN is generated using
the signal GAP_ERT.

A clock generator 60 generates various kinds of clocks.
FIG. 20 is a circuit diagram of the clock generator 60. As
shown in FIG. 20, the signals WCLK_EN and RCLK_EN are
ORed to obtain a signal EN_RW_CLK. The clock CLK and a
signal FAST_CS are ANDed to obtain a clock ICLKP3RB.
The clock CLK and the signal EN_RW_CLK are ANDed to
obtain a clock ICLKP3RB_RW.

A signal generation circuit 61 receives the clocks
ICLKP3RB and ICLKP3FB and the signal FAST_WTRDB,
and generates a signal GAP_WTRDB. A gap delay circuit 62
receives a mode signal IMR20PB<7:1> and the signal GAP-
_WTRDB, and generates a signal CTRL by delaying the
signal GAP_WTRDB by a predetermined time in accordance
with the mode signal IMR20PB<7:1>. The time to delay the

10

20

25

30

35

40

45

50

55

60

65

8
signal GAP_WTRDRB is decided based on FIG. 18. The gap
delay circuit 62 is formed from a plurality of shift registers
connected in series.

Note that in FIG. 19, the latch circuits 50 to 53 and the gap
delay circuits 54 to 57 are included in, for example, the
interface 13 shown in FIG. 1. The command decoder 58, the
signal generation circuits 59 and 61, and the gap delay circuit
62 are included in, for example, the control circuit 25 shown
in FIG. 2. The clock generator 60 is included in, for example,
the clock generator 28 shown in FIG. 2.

FIG. 21 is a circuit diagram of the gap delay circuit 54
shown in FIG. 19. The gap delay circuit 54 includes three sets
of' shiftregisters. Each set has the same arrangement as that of
the basic delay circuit 40 shown in FIG. 7. Each set includes
shift registers as many as the maximum number of gaps. The
gap delay circuits 55 to 57 also have the same arrangement as
the gap delay circuit 54.

FIG. 22 is a view for explaining ICA assignment for a
row-related signal. FIG. 23 is a view for explaining ICA
assignment for a column-related signal. CMD is a command,
and MR is a mode register. A signal MRW’s OP<7:0> indi-
cates the option of mode register write. C1 is a signal used to
change the order of signals.

As the row-related signal in FIG. 22, the signal of the
command/address pad <9:0> is used without using the gap
shift registers. The column-related signal shown in FIG. 23 is
a signal delayed by the delay time of the gap shift registers. As
described above, in this embodiment, the operation concern-
ing the row-related signal is controlled using the original
signal (a signal that has not passed through the gap delay
circuit). On the other hand, the operation concerning the
column-related signal is controlled using the signal delayed
by the gap delay circuit.

FIG. 24 is a view for explaining the sequence of an opera-
tion according to an example. FIG. 24 illustrates one set of
delay circuit 40 included in the gap delay circuit 54 or 55.

When the signal FAST_CS is asserted, the clock generator
60 generates the clocks ICLKP3RB and ICLKP3FB (step
S1). The signal FAST_CS is asserted when the chip select
signal CSB is asserted. Shift registers SR1 and SR2 operate in
accordance with the clocks ICLKP3RB and ICLKP3FB and
delay the signal CA by 2 tCK (step S2).

Next, the command decoder 58 decodes the command
(step S3). The signal generation circuit 59 generates the sig-
nals WCLK_EN, RCLK_EN, and FAST_WTRDB (step S4).
The signal WCLK_EN is asserted when the signal
GAP_EWT is asserted. The signal RCLK_EN is asserted
when the signal RCLK_EN is asserted. Next, the clock gen-
erator 60 generates the clocks ICLKP3RB_RW and
ICLKP3FB_RW when the signal WCLK_EN or RCLK_EN
is asserted (step S5).

Shift registers SR3 to SR21 operate in accordance with the
clocks ICLKP3RB_RW and ICLKP3FB_RW, and delay the
signal by a predetermined time (step S6). In this embodiment,
two kinds of clocks, ICLKP3RB and ICLKP3RB_RW, are
supplied to the delay circuit 40. The shift registers SR3 to
SR21 operate behind the shift registers SR1 and SR2. This
makes it possible to ensure the margin of the setup time of the
shift register SR1 at the first stage.

Subsequently, the gap delay circuit 62 generates the CTRL
(step S7). The multiplexer MUX activates the latency path of
the gap generated by the shift registers SR1 to SR21 when the
signal CTRL is asserted. A multiplexer 41 selects the path of
the multiplexer MUX when the signal PREACT=L (case B).
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The multiplexer 41 outputs, via the buffer, a signal GAP_CA
to which the latency is added by the gap shift registers.

5. Layout of Shift Registers

An example of the arrangement concerning the layout of
the gap shift registers when the specifications of both the case
A and the case B are implemented in the semiconductor
memory device 10 will be described next. The case A and the
case B have different latencies.

FIG. 25 is a schematic view for explaining the layout of
shift registers SR according to a comparative example. For
example, signals CBANKT and AYP16 are sent from a mod-
ule M1 to a module M2. The gap shift registers SR are
inserted after asynchronous delay. The signal AYP16 of the
case A has a delay time different from that of the signal
CBANKT. The delay time difference indicates the setup mar-
gin of the module M2.

Since the signal AYP16 of the case B and the signal
CBANKT ofthe case B are adjusted by a clock FCLKD at the
last stage of the module M1, a loss corresponding to the gap
of'asynchronous delay occurs in the delay time. Hence, in the
module M2, the setup margin of the latch circuit at the first
stage decreases.

FIG. 26 is a schematic view for explaining the layout of the
shift registers SR according to an example. The multiplexer
and the gap shift registers configured to adjust the latencies of
the plurality of signals ICARR, ICARF, and ICAFF are
arranged together near the command/address pad CA. The
gap shift registers can be operated using a clock different
from the clock FCLKD. This can improve the setup margin.

6. Effects

When a long latency is necessary, a reference latency is
created, and a delay circuit (including a plurality of shift
registers) configured to generate a latency corresponding to
the gap from the reference latency is arranged near the CA
pad (stage before the command decoder). This makes it pos-
sible to decrease the number of shift registers used for latency
on the whole chip.

When the signal WTRDB representing the state of read and
write is similarly delayed by the delay circuit, the latency
corresponding to the gap between read and write can com-
monly be used. This makes it possible to further decrease the
number of shift registers used for latency.

Second Embodiment

Command/address assignment will be described first. FIG.
27 is a view for explaining command/address assignment
concerning an active command. FIG. 28 is a view for explain-
ing command/address assignment concerning a read/write
command.

Referring to FIGS. 27 and 28, the arrows of a clock CLK
indicate the rising edge and falling edge of the clock. CAO to
CA9 indicate commands and addresses input from a com-
mand/address pad (command/address line). A bank address
BA that designates a bank includes, for example, 3 bits (BAO
to BA2). A row address R includes, for example, 18 bits (RO
to R17). Out of the full row address bits RO to R17, a first row
address (part of the full row address) input together with an
active command includes, for example, the lower bits RO to
R13. Out of the full row address bits RO to R17, a second row
address (the remaining part of the full row address) input
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together with a read/write command includes, for example,
the upper bits R14 to R17. A column address C includes, for
example, 7 bits (C1 to C7).

Referring to FIG. 27, an active operation is designated by
the rising edge and falling edge of the clock CLK when the
active command is input. The active command asserts a chip
select signal CS and is defined using CAO=L, and CA1=H at
the rising edge of the clock CLK. At the rising edge of the
clock CLK, the row address bits R8 to R12 are input from the
pads CA2 to CAG6, and the bank address bits BAO to BA2 are
input from the pads CA7 to CA9. At the falling edge of the
clock CLK, the row address bits RO to R7 and R13 are input
from the pads CAO to CAS8. “X” indicates “don’t care”.

Referring to FIG. 28, a read/write operation is designated
by the rising edge of the clock CLK when the read/write
command is input, and a postactive operation is designated by
the falling edge of the clock CLK. That the read/write com-
mand can set the read/write operation and the postactive
operation. The read command asserts the chip select signal
CS and is defined using CAO=H, CA1=L, and CA2=L at the
rising edge of the clock CLK. The write command asserts the
chip select signal CS and is defined using CAO=H, CA1=L,
and CA2=H at the rising edge of the clock CLK.

In the read/write operation, the column address bits C1 and
C2 are input from the pads CAS and CAG6, and the bank
address bits BAO to BA2 are input from the pads CA7 to CA9.

In the postactive operation, the column address bits C3 to
C7 are input from the pads CAl to CA7, and the upper row
address bits R14 to R17 are input from the pads CA6 to CA9.
In FIG. 28, “RFU” indicates “reserved for future use”, and
“AP” is a flag that defines auto-precharge.

FIG. 29 is a block diagram showing the arrangement of
shift registers according to a comparative example. Note that
FIG. 29 shows details of the portion concerning the com-
mand/address pad CA<9:4>.

Delay circuits 57-5 to 57-9 are connected to latch circuits
53-5 to 53-9 for the command/address pads CA<5> to
CA<9>. In the read/write operation, each of the delay circuits
57-5 to 57-9 handles only one signal, GAP_ICARF.

FIG. 30 is a block diagram showing the arrangement of
shift registers according to an example. In this example, delay
circuits for the signal GAP_ICARF<9:6> are unified among
the command/address pads CA<5> to CA<9>. The unified
delay circuit 57-6 includes four sets of shift registers for the
signal GAP_ICARF<9:6>.

According to the second embodiment, as unnecessary shift
registers can be eliminated, the area of the latency delay
circuit can be reduced.

Third Embodiment

When a semiconductor memory device 10 includes a trim-
ming circuit for latency, the trimming circuit needs to be
inserted into each latency delay circuit in the arrangement of
the comparative example shown in FIG. 8.

FIG. 31 is a circuit diagram of a delay circuit 40 according
to the third embodiment. As described in the first embodi-
ment, the delay circuits 40 for gap are arranged near a com-
mand/address pad CA<9:0> together. The delay circuit 40
includes a trimming circuit 70. The trimming circuit 70 has a
function of adjusting the characteristic (for example, latency)
of the semiconductor memory device 10.

According to the third embodiment, since the plurality of
trimming circuits need not be dispersed, the number of trim-
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ming circuits can be decreased. It is therefore possible to
reduce the area of the semiconductor memory device 10.

Fourth Embodiment

In the fourth embodiment, a method of relaxing the internal
timing will be described. Referring to FIG. 9 described in the
first embodiment, R2W (time from the read command to the
write command) and W2R (time for the write command to the
read command) change between the case A and the case B.
Hence, the timing of the case A-B is preferably adjusted in
accordance with the case A.

At the timing of the case B, R2W (time from the read
command to the write command) and W2R (time for the write
command to the read command) are adjusted by

R2W=RL-{WL-(BL/2+1)-tDOSCKmax/iCK}-+
(IGAP__WLI-IGAP_RLI)

W2R=WL(@case A)+1+BL/2+tWIR/ICK+(IGAP__
WLI-IGAP_RL))

The latencies calculated by these equations are imple-
mented using shift registers. This makes it possible to relax
the internal timing of the case B.

As the method of relaxing the internal timing, a gap read
latency and a gap write latency for gap may be set to the same
value. FIG. 32 is a view for explaining the latencies. A gap
read latency GAP_RL and a gap write latency GAP_WL are
set to the same value. This obviates the necessity of discrimi-
nating the gap latency between read and write. It is therefore
possible to control a delay circuit 40 without using a signal
WTRDB representing the state of read and write.

Note that the MRAM described in the above embodiments
may be a spin transfer torque magnetoresistive random access
memory (STT-MRAM).

In the above embodiments, an MRAM using a magnetore-
sistive element has been exemplified as the semiconductor
memory device. However, the present invention is not limited
to this, and is applicable to various kinds of semiconductor
memory devices without distinction between a volatile
memory and a nonvolatile memory. The present invention is
also applicable to a resistance change memory similar to the
MRAM, for example, an ReRAM (Resistive Random Access
Memory) or a PCRAM (Phase-Change Random Access
Memory).

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A semiconductor memory device capable of executing a
first mode having a first latency and a second mode having a
second latency longer than the first latency, comprising:

apad unit which receives an address and a command from

an outside;
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a first delay circuit which delays the address by a time
corresponding to the first latency;

a second delay circuit which includes shift registers con-
nected in series and delays the address by a time corre-
sponding to a difference between the first latency and the
second latency; and

a controller which uses the first delay circuit and the second
delay circuit when executing the second mode,

wherein the controller diverts the second delay circuit
when executing the first mode.

2. The device of claim 1, further comprising:

a signal generation circuit which generates a control signal
to identify a read operation according to a read com-
mand and a write operation according to a write com-
mand; and

a third delay circuit which delays the control signal by a
predetermined time,

wherein the controller controls the second delay circuit
using the delayed control signal.

3. The device of claim 1, further comprising a clock gen-
erator which generates a first clock and a second clock that
starts at a timing later than the first clock,

wherein:

the shift registers are divided into a preceding stage portion
and a subsequent stage portion,

the preceding stage portion starts an operation in response
to the first clock, and

the subsequent stage portion starts an operation in response
to the second clock.

4. The device of claim 3, wherein:

the first clock starts upon receiving a chip enable signal,
and

the second clock starts upon receiving one of a read com-
mand and a write command.

5. The device of claim 1, wherein:

the controller separately controls a row address and a col-
umn address,

the row address bypasses the second delay circuit, and

the column address is delayed by the second delay circuit.

6. The device of claim 1, wherein the controller controls an
operation using a row address based on the command input to
the pad unit, and controls an operation using a column address
based on the command delayed by the second delay circuit.

7. The device of claim 1, wherein:

the pad unit comprises a first pad and a second pad, and

a delay circuit for the first pad and a delay circuit for the
second pad are arranged together.

8. The device of claim 1, wherein:

each of the first latency and the second latency has a read
latency in a read operation and a write latency in a write
operation, and

the second delay circuit sets the same delay time as the read
latency and the write latency.

9. The device of claim 1, wherein the second delay circuit

comprises a trimming circuit.

10. The device of claim 1, further comprising a memory
cell array which stores data, the memory cell array being
formed from an MRAM.

11. The device of claim 1, wherein the semiconductor
memory device comprises a spin transfer torque magnetore-
sistive random access memory (STT MRAM).
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